All relevant data are within the paper and its Supporting Information files.

Introduction {#sec001}
============

Agriculture is one of the most important pressures affecting freshwater ecosystems around the world \[[@pone.0218582.ref001],[@pone.0218582.ref002]\]. Intensive agriculture: i) strongly affects water quality through pesticides and fertilizers, mainly nitrates \[[@pone.0218582.ref003]\]; ii) requires large quantities of water for irrigation, and iii) degrades the fluvial habitat through riparian forest removal, channel incision and straightening, reduction of bank stability and sediment deposition \[[@pone.0218582.ref004]\].

To revert agricultural impacts on streams, different Directives \[i.e. a legal act requiring member states to achieve a certain result) have been implemented in the European Union (EU) during the last decades. One example is the Nitrates Directive (91/676/EEC; ND), which was adopted in 1991. The ND aims to protect water quality across Europe reducing nitrates from agricultural sources and promoting the use of good farming practices. Within the ND, Nitrate Vulnerable Zones (NVZs) are defined as the areas of land that drain into waters polluted by nitrates, and farmers with land in these zones have to follow mandatory rules to restore water quality \[[@pone.0218582.ref005]\]. The ND forms an integral part of the European Water Framework Directive (2000/60/EC; WFD), which is aimed at establishing a framework for water protection, so all the water bodies in Europe reach a "good ecological status" by 2021 or 2027. To achieve this good ecological status, the WFD indicates that pressures and impacts at the basin scale must be identified to guide management measures. This identification is often inadequate in existing monitoring programs \[[@pone.0218582.ref006]\].

The European Water Framework Directive (WFD) also establishes the need to use biotic indices to assess the ecological status of rivers, and the most widely used indices are those based on macroinvertebrate assemblages \[[@pone.0218582.ref007]--[@pone.0218582.ref009]\]. Regarding agriculture, there is an extensive literature related to assessing its impacts on rivers through macroinvertebrate assemblages, using both the taxonomic composition and the functional structure \[[@pone.0218582.ref004],[@pone.0218582.ref010]--[@pone.0218582.ref015]\]. Compared with the taxonomic approach, the study of the functional structure (i.e. trait-based approaches) presents a higher temporal and spatial stability across regions because the variability attributed to species composition of different areas is reduced \[[@pone.0218582.ref016],[@pone.0218582.ref017]\].

Various studies suggest that 10 ppm of nitrate can adversely affect, at least during long-term exposures, freshwater invertebrates \[[@pone.0218582.ref018],[@pone.0218582.ref019]\]. However, beyond nitrate toxicity, nitrate pollution in rivers and streams has been associated with other environmental factors, for example increased autotrophic production due to reduced shading of the stream channel \[[@pone.0218582.ref020],[@pone.0218582.ref021]\]. High periphyton biomass reduces oxygen concentrations in the water-column and the substrate interstices \[[@pone.0218582.ref022],[@pone.0218582.ref023]\], with increased ecosystem respiration leading to impacts on pollution sensitive species such as some Ephemeroptera, Plecoptera and Trichoptera (EPT) \[[@pone.0218582.ref024]\]. Excessive algal growth can also smother the riverbed, reducing substrate availability for grazing mayflies, which are replaced by molluscs, oligochaetes and chironomids \[[@pone.0218582.ref022]\].

Additionally, stream macroinvertebrate assemblages located in agricultural areas are especially sensitive to habitat deterioration, which is mainly related with an increase in fine sediments \[[@pone.0218582.ref025]--[@pone.0218582.ref027]\]. Fine sediments remove and homogenize habitats \[[@pone.0218582.ref027]\], leading to reduced taxa richness, especially some EPT species \[[@pone.0218582.ref026],[@pone.0218582.ref027]\], and altered assemblage composition \[[@pone.0218582.ref028]\]. Sedimentation also alters the functional structure of macroinvertebrate assemblages \[[@pone.0218582.ref013],[@pone.0218582.ref015],[@pone.0218582.ref025],[@pone.0218582.ref029]--[@pone.0218582.ref031]\]. Higher amounts of sediment can cover vegetal and mineral coarse substrate leading to an increase in burrowers, and a decrease in crawlers and scrapers \[[@pone.0218582.ref013],[@pone.0218582.ref015],[@pone.0218582.ref030]--[@pone.0218582.ref033]\].

The present study assesses the potential impact of agriculture on stream ecosystems around NVZs using the taxonomic and functional composition of macroinvertebrate assemblages as indicators. The Ebro basin was selected as a case study because of being subjected to heavy human pressures, especially agriculture \[[@pone.0218582.ref034],[@pone.0218582.ref035]\]. The specific objectives of the study were to: i) determine the main agricultural stressors on streams located in areas affected by intensive agriculture around NVZs; and ii) assess their degree of compliance with the WFD according to physicochemical variables and macroinvertebrate indices. We predicted that these streams would be affected not only by nitrate pollution, but also by an increase in fine sediments and a reduction in riparian and aquatic habitat quality. As a consequence, we expected that agricultural intensification would lead to a shift in the taxonomic composition and functional structure of aquatic macroinvertebrate assemblages, from assemblages dominated by pollution-sensitive species that feed on coarse organic matter (e.g. leaf litter) to assemblages dominated by tolerant species feeding on fine organic matter (e.g. suspended particles) and algae.

Methodology {#sec002}
===========

Study area and sampling strategy {#sec003}
--------------------------------

The study area is located in the NW of La Rioja (northern Spain, Ebro Basin; [Fig 1](#pone.0218582.g001){ref-type="fig"}), in the Oja-Tirón, Zamaca and Najerilla sub-basins. To reduce natural differences among sites, the study was carried out in six first-order streams ([Fig 1](#pone.0218582.g001){ref-type="fig"}) belonging to the typology \"Calcareous Mediterranean mountain rivers\" according to the classification developed in Spain to fulfil the WFD (ORDER ARM/2656/2008, Ministry for the Environment). Eleven sites (100 m length) were studied. All of them were free from significant urban or industrial effluents in the adjacent area and they mainly differed in the upstream agrarian activity (i.e. percentage of cultivated land). There are no large villages (i.e. more than 500 inhabitants) in the area and almost no industrial activity. The study sites were selected to fulfill the above-mentioned criteria after a visual inspection of the region. The information on the location of the sampling sites is provided in the supplementary material (Table A in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}).

![Map of the study area.\
Sampling sites in the study area (La Rioja, Spain). Nitrate Vulnerable Zones (NVZs) are coloured in grey ("Zamaca and Oja alluvial" and "Low Najerilla alluvial").](pone.0218582.g001){#pone.0218582.g001}

Well-preserved forests exist in the upper course of Yalde and Reláchigo Streams ([Fig 1](#pone.0218582.g001){ref-type="fig"}), where agricultural activity is limited. The cultivated area increases as the streams flow into the Ebro Valley, where intensive farming dominates (mainly cereal, vineyard and horticultural crops). As a result of the intense agricultural activity, two NVZs exist in the study area, called "Zamaca and Oja alluvial" and "Low Najerilla alluvial". The six streams selected in the present study are the only first-order around these NVZs. According to monitoring programs carried out by the Ebro Hydrographic Confederation (CHE; <http://www.chebro.es/>), nitrate concentrations in the study area had exceeded the highest value established by WFD to consider a river or stream under a good ecological status. However, some of these streams have been studied just sporadically and all of them just at one site.

Each site was sampled four times during 2017 (i.e., February, May, August, and November). Physicochemical variables were analyzed at each sampling occasion, whereas habitat quality and macroinvertebrates were sampled only in May.

Environmental variables {#sec004}
-----------------------

Forty environmental variables belonging to different categories (physicochemical, hydromorphological, geological, land cover and topographic; Table B in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}) were studied for each site.

Water temperature (°C), pH, dissolved oxygen (ppm) and electrical conductivity (mS/cm) were measured *in situ* using handheld probes (PCE-PHD1 multifunctional instrument). For ion analysis, 125 ml water samples were collected and transported in a cool-box to the laboratory, where they were frozen until being analyzed using chromatographic standard methods \[[@pone.0218582.ref036]\].

The riparian habitat of each site (100 m length) was inspected and characterized using the four components of the QBR Riparian Forest Quality Index by Munné *et al*. \[[@pone.0218582.ref037]\]: total riparian vegetation cover, cover structure, cover quality and channel alterations (Table B in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}). The fluvial instream habitat was also inspected and characterized using the IHF River Habitat Index \[[@pone.0218582.ref038]\], which measures habitat heterogeneity by analyzing seven features: hard substrate embeddedness in fine sediment, riffle frequency, substrate composition, velocity/depth conditions, shading of river bed, heterogeneity components (leaf litter, wood, roots or natural dams), and aquatic vegetation cover (Table B in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}). Both indexes range from 0 to 100 with high scores associated with better habitat conservation. Additionally, the percentage of macrophyte cover was visually determined.

The geological, land cover and topographic variables were respectively retrieved from the Spanish Geological Survey (IGME), the Spanish Land Cover and Use Information System (SIOSE) and the Spanish National Geographic Institute (IGN) using a Geographic Information System (GIS).

Macroinvertebrate sampling and biotic indices {#sec005}
---------------------------------------------

Macroinvertebrates were collected according to the Standard protocol for benthic invertebrates of wadeable streams in Spain (ML-Rv-I-2013; \[[@pone.0218582.ref037]\]). This quantitative protocol considers the presence of five different habitat types: hard substrate, fine sediments, plant debris, submerged bank vegetation and submerged macrophytes. Twenty Surber samples (0.1 m^2^) were taken at each site, proportionally distributed among each type of habitat according to the surface that it occupied within the streambed. The permission to sample was issued by the Government of La Rioja. The collected material was stored in one sample and preserved in 70% ethanol and taken to the laboratory to be identified. The identification of macroinvertebrates was generally done to genus level, except for some Diptera families (subfamily level) and Oligochaeta. Sub-sampling was conducted to estimate the taxa abundances when 300 individuals per sample were counted, although sample exploration continued to check for new taxa.

The IBMWP (Iberian Biological Monitoring Working Party; \[[@pone.0218582.ref039]\]) and IMMi-T (Iberian Mediterranean Multimetric Index, using quantitative data \[[@pone.0218582.ref040]\]) biotic indices were calculated using the MAQBIR software \[[@pone.0218582.ref041]\]. The IBMWP is a qualitative index based on the tolerance of macroinvertebrate families to water quality and river alteration. The presence of each family provides a single score out of 10 (being 1 highly tolerant and 10 highly sensitive) with the cumulative scores providing the final IBMWP score. The IMMi-T is a quantitative multimetric index based on the number of families, EPT, IASPT (Iberian Average Score per Taxon, \[[@pone.0218582.ref042]\]) and log (selected EPTCD + 1), where EPTCD is the number of sensitive Ephemeroptera, Plecoptera, Trichoptera, Coleoptera and Diptera families. Following the WFD, this index was standardized by calculating the EQR (Ecological Quality Ratio) value dividing the value of each metric by the reference value for Calcareous Mediterranean mountain rivers.

Functional traits {#sec006}
-----------------

Macroinvertebrate functional structure were characterized using five biological and two ecological traits, containing 35 and 12 categories respectively (Table C in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}; \[[@pone.0218582.ref043],[@pone.0218582.ref044]\]). Biological traits describe life-cycle features ("reproductive cycles per year" trait), physiology ("respiration"), resilience or resistance potentials ("locomotion and substrate relation") and feeding behavior ("food, and feeding habits"), which are the four groups of biological features described by Usseglio-Polatera *et al*. \[[@pone.0218582.ref043]\]. The ecological traits reflect the organism's environmental preferences and the behaviours associated with these preferences. Here we used two ecological traits referring to the microscale characteristics of the habitat used by invertebrates ("microhabitat") and to the trophic status of the freshwater that they inhabit ("trophic status"). The selected traits have been extensively used in previous studies related to agricultural and other land use impacts on rivers (e.g. \[[@pone.0218582.ref015],[@pone.0218582.ref027],[@pone.0218582.ref029],[@pone.0218582.ref030],[@pone.0218582.ref044]--[@pone.0218582.ref046]\]), as well as fine sediment increase \[[@pone.0218582.ref031]\]. These ecological traits were useful to assess nutrient and hydromorphological impacts on the streams, whereas the traits "locomotion and substrate relation", "food" and "feeding habits" have been previously used as effect traits (i.e. those that have a direct influence on a specific function of the ecosystem \[[@pone.0218582.ref047]--[@pone.0218582.ref049]\]).

With this information, a dataset of relative abundance of trait categories per sample was built following a 'fuzzy coding' approach \[[@pone.0218582.ref050]\]. The trait categories \[[@pone.0218582.ref044]\] were assigned to an affinity score for each taxa ranging from 0 to 5, from null to high affinity, respectively \[[@pone.0218582.ref050]\].

Statistical analysis {#sec007}
--------------------

A hierarchical cluster analysis of the macroinvertebrate assemblages (unweighted pair group method using arithmetic averages, UPGMA; PRIMER, \[[@pone.0218582.ref051]\]) was done to group sites by their similarity. Then, environmental variables were examined within these groups.

An Indicator Species Analysis (IndVal, \[[@pone.0218582.ref052]\]) was used to determine the invertebrate taxa significantly associated with each of the groups previously established. This method provides an indicator value (IV-value) for each taxon according to its presence and abundance in each group. A Monte Carlo permutation test with 9999 permutations was used to test the significance of each IV-value (P\<0.05). For each trait category, a nonparametric pairwise Mann-Whitney U test was performed to detect differences between the groups defined by the cluster analysis. Asymmetric beanplots (software R3.4.2, package beanplot, \[[@pone.0218582.ref053]\]) were used to visualize the differences in trait abundance between groups.

In order to determine the main environmental variables related to differences in macroinvertebrate assemblages among sites, a DISTLM (distance-based linear model) analysis was performed (PERMANOVA + for PRIMER, \[[@pone.0218582.ref054]\]) based on genera abundances. DISTLM is a routine for analysing and modelling the relationship between a multivariate data cloud, as described by a resemblance matrix, and one or more predictor variables \[[@pone.0218582.ref054]\]. In our case, the resemblance matrix described dissimilarities among macroinvertebrate samples of studied sites, based on genus abundance data, and the predictor variables were the environmental variables (Table B in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}).

The macroinvertebrate distance matrix was created using the Bray Curtis distance after the data were log (*x* + 1) transformed. The environmental variables were log (*x* + 1) transformed and normalized. Variables that were highly correlated with others (Spearman correlation coefficient higher than 0.9) were removed from the analysis. The values of the physicochemical variables included in the analysis were the averages of the four sampling dates since they represent better the physicochemical state of the streams and their influence on the biological assemblages.

DISTLM provides quantitative measures and tests of the variation explained by one or more predictors, allowing the partitioning of variance according to a regression (or multiple regression) model \[[@pone.0218582.ref054]\]. The DISTLM routine was performed using a step-wise selection procedure based on the AIC selection criteria \[[@pone.0218582.ref055]\], to obtain a set of variables plausibly explaining changes in the composition of the macroinvertebrate assemblages. From every variable included in the final model just some of them significantly explain the variation in the aquatic macroinvertebrate assemblages between sites differentially affected by agriculture. The final model from DISTLM analysis was visualized by a distance-based Redundancy Analysis (dbRDA) plot. The dbRDA routine performs a constrained ordination of the macroinvertebrate assemblages data using the DISTLM final model.

Results {#sec008}
=======

Biotic, environmental and hydromorphological characteristics {#sec009}
------------------------------------------------------------

Two groups of sampling sites were differentiated based on the hierarchical cluster analysis of the macroinvertebrate assemblages ([Fig 2](#pone.0218582.g002){ref-type="fig"}). The two groups presented a 60% of dissimilarity and separated sites with low (\<50%) and high (\>70%) agricultural -or cultivated- land cover upstream the river reach ([Table 1](#pone.0218582.t001){ref-type="table"}).

![Hierarchical cluster.\
Hierarchical cluster analysis (UPGMA) based on the composition of the macroinvertebrate community of each site. The resultant groups are identified with black triangles (group 1) and grey inverted triangles (group 2).](pone.0218582.g002){#pone.0218582.g002}

10.1371/journal.pone.0218582.t001

###### Environmental variables.

Values of the physicochemical variables and the biotic indices -IBMWP (Iberian Biological Monitoring Working Party) and IMMi-T (Iberian Mediterranean Multimetric Index)- used to assess the good ecological status of streams according to the Spanish legislation (RD 817/2015), based on the European Water Framework Directive (WFD). The limits established by the Spanish legislation to consider a water body at good ecological status or higher for "Calcareous Mediterranean mountain rivers" are shown in parentheses. For chemical variables, mean values and ranges (i.e. minimum and maximum) are shown. Values exceeding the threshold for the good ecological status according to the RD 817/2015 are highlighted in bold. Asterisk indicate that although the mean values were below the threshold, the threshold was exceeded at least once during the study period. The lowest detectable values for phosphate and ammonia were 0.010 and 0.020, respectively. IHF (River Habitat Index) and QBR (Riparian Forest Quality Index) values, which are not considered by RD 817/2015 to determine the good ecological status of a water body, are shown at the right part along with the percentage of area occupied by agricultural land upstream the study site (AGR). The ranges for IHF and QBR are shown in parentheses, with higher scores associated to better habitat conservation. The lowest values of IHF (\<50) and QBR (\<50) and the highest values of AGR (≥70) are highlighted in bold.

![](pone.0218582.t001){#pone.0218582.t001g}

                                (6--9)                    (5 ppm)                       (25 ppm)                     (0.4 ppm)                    (0.6 ppm)              -93        -0.69    (0--100)   (0--100)   (%)
  --------- ------------------- ------------------------- ----------------------------- ---------------------------- ---------------------------- ---------------------- ---------- -------- ---------- ---------- ----------
  Group 1   Enc                 8.07 (7.95--8.21)         9.20 (7.30--10.20)            20.14 (7.01--38.86)**\***    0.010 (0.010--0.010)         0.055 (0.020--0.119)   134        0.91     67         50         46.6
  R1        7.92 (7.76--8.01)   10.17 (9.50--10.70)       0.95 (0.57--1.86)             0.014 (0.010--0.017)         0.187 (0.150--0.205)         207                    1.15       74       75         1          
  R2        8.16 (8.04--8.15)   8.80 (7.80--9.80)         2.58 (1.46--4.08)             0.010 (0.010--0.011)         0.171 (0.143--0.192)         129                    0.93       71       50         17.6       
  R3        8.38 (8.18--8.50)   9.67 (8.30--10.40)        **41.85** (15.20--108.65)     0.036 (0.010--0.066)         0.069 (0.020--0.126)         147                    0.94       60       **40**     48.1       
  Y1        8.41 (8.27--8.54)   9.50 (9.10--10.30)        0.63 (0.43--0.96)             0.009 (0.010--0.010)         0.165 (0.145--0.191)         220                    1.3        71       80         0          
  Y2        7.52 (7.13--8.30)   6.90 (5.70--7.90)         4.12 (2.47--6.15)             0.013 (0.010--0.018)         0.159 (0.020--0.215)         162                    1.04       57       75         7.4        
  Group 2   Ea                  8.01 (7.96--8.05)         7.77 (7.40--8.30)             **30.55** (14.12--74.80)     0.148 (0.010--0.438)**\***   0.050 (0.020--0.128)   112        0.76     **42**     **40**     **79.2**
  Z1        8.11 (8.00--8.21)   9.17 (8.70--9.80)         **88.83** (79.42--94.57)      0.044 (0.010--0.150)         0.135 (0.020--0.194)         **92**                 **0.67**   **32**   **10**     **84**     
  Z2        8.22 (8.13--8.35)   9.00 (8.80--9.30)         **84.68** (73.54--103.74)     0.074 (0.010--0.175)         0.019 (0.020--0.020)         108                    0.73       **36**   **10**     **84.2**   
  T1        7.85 (7.62--8.10)   6.93 (4.30--9.50)**\***   21.13 ± (5.01--57.91)**\***   0.136 (0.010--0.246)         0.156 (0.072--0.200)         **59**                 **0.35**   **29**   **10**     **70**     
  T2        8.16 (8.00--8.35)   8.13 (6.10--10.30)        19.77 ± (8.08--38.34)**\***   0.312 (0.010--0.684)**\***   **1.584** (0.020--5.016)     **56**                 **0.33**   **31**   **35**     **76.8**   

Regarding the environmental variables studied and included in the WFD ([Table 1](#pone.0218582.t001){ref-type="table"}), nitrate showed particularly high concentrations at different dates and sites. Considering average values, 4 sites exceeded 25 ppm, the highest value established by RD 817/2015---Spanish legislation based on WFD---to consider a river or stream in a good ecological status (R3, Ea, Z1 and Z2; [Table 1](#pone.0218582.t001){ref-type="table"}). However, there was a great variability in nitrate concentrations among dates, as a concentration of 25 ppm was exceeded at least once in every site of group 2 (Ea, Z1, Z2, T1 and T2) during the study ([Table 1](#pone.0218582.t001){ref-type="table"}). The lowest values of the IBMWP and IMMi-T biotic indices were recorded at group 2, and they were below the good ecological status threshold for Z1, T1 and T2 ([Table 1](#pone.0218582.t001){ref-type="table"}).

Sites of group 2 also showed the lowest values of the IHF and QBR indices (Table E in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}). The first component of the IHF, referred to the embeddedness of hard substrate in fine sediment (Table E in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}), had a score of 0 at every site of group 2, since more than 60% of boulders, cobbles and pebbles were embedded in fine sediment. Macrophytes occupied between 30 and 60% of the streambed at all study sites, except for R2 (20%) and for Y1, Y2 and R1, where macrophyte cover was less than 5% (Table E in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}).

Among the other environmental variables studied, the average conductivity resulted particularly high at Enc site (mean conductivity 2077 μS/cm). Accordingly, exceptionally high values of calcium and sulfate were recorded at this reach (Enc; sulfate = 896.79 ppm; calcium = 575.52 ppm; Table C in [S1 File](#pone.0218582.s001){ref-type="supplementary-material"}).

Macroinvertebrate assemblage and agriculture stressors {#sec010}
------------------------------------------------------

Group 1 was mainly characterized by EPT taxa such as Polycentropodidae (*Plectrocnemia sp*.), Heptageniidae (*Ecdyonurus sp*. *and Rithrogena sp*.), Leptophlebiidae and Leuctridae (*Leuctra sp*.), which are sensitive to pollution according to the IBMWP index ([Table 2](#pone.0218582.t002){ref-type="table"}). Other taxa associated with this group were Gammaridae, Ceratopogonidae and the beetles *Esolus* and *Elmis* (Elmidae). Group 2 was significantly associated with taxa with a low IBMWP score ([Table 2](#pone.0218582.t002){ref-type="table"}), like Oligochaeta and Chironomidae, together with the dipterans Simuliidae and Psychodidae and other taxa such as Hydroptilidae or Haliplidae.

10.1371/journal.pone.0218582.t002

###### IndVal analysis.

IndVal analysis results showing taxa significantly associated with one of the previously established groups ([Fig 2](#pone.0218582.g002){ref-type="fig"}). For those taxa included in the IBMWP index, their score is shown. \# means that the whole family was significantly associated with one of the groups, but no genus within the family was.

![](pone.0218582.t002){#pone.0218582.t002g}

  Taxa                      Group   IV value   P       Freq   IBMWP value
  ------------------------- ------- ---------- ------- ------ -------------
      Heptageniidae         1       1          0.004   6      10
          *Ecdyonurus*      1       0.833      0.023   5      
          *Rithrogena*      1       0.667      0.05    4      
      Polycentropodidae     1       1          0.001   6      10
          *Plectrocnemia*   1       0.833      0.016   5      
      Leptophlebiidae \#    1       0.833      0.023   5      10
      Leuctridae            1       0.833      0.016   5      10
          *Leuctra*         1       0.833      0.023   5      
      Gammaridae            1       0.802      0.005   9      6
      Ceratopogonidae       1       0.793      0.024   6      4
          Ceratopogoninae   1       0.793      0.035   6      
      Elmidae               1       0.69       0.012   9      5
          *Esolus*          1       0.957      0.001   7      
          *Elmis*           1       0.81       0.018   7      
      Hydroptilidae         2       0.8        0.01    4      6
          *Hydroptila*      2       0.8        0.012   4      
      Haliplidae            2       0.788      0.042   8      4
          *Haliplus*        2       0.788      0.039   8      
      Psychodidae           2       0.755      0.047   9      4
      Simuliidae            2       0.754      0.03    8      5
          Simuliini         2       0.754      0.027   8      
      Baetidae              2       0.631      0.013   10     4
          *Baetis*          2       0.631      0.014   10     
      Oligochaeta           2       0.622      0.038   11     1
      Chironomidae          2       0.572      0.005   11     2
          Chironominae      2       0.634      0.004   11     
          Orthocladiinae    2       0.574      0.002   11     

According to the Mann Whitney test, functional trait categories significantly differed between groups 1 and 2 ([Fig 3](#pone.0218582.g003){ref-type="fig"}). Group 1 was characterized by mono- or semivoltine taxa, gill and plastron respiration, crawlers living on large substrate, shredder and scrapers feeding on microphytes, and taxa adapted to oligotrophic environments. Group 2 was characterized by polyvoltine taxa, living and feeding on fine sediment and macrophytes and adapted to eutrophic conditions ([Fig 3](#pone.0218582.g003){ref-type="fig"}).

![Functional traits analysis.\
Asymmetric beanplots of the functional trait categories significantly different (Mann Whitney U test, P\<0.05) between the previously established groups ([Fig 2](#pone.0218582.g002){ref-type="fig"}). The individual observations of each site are shown as small white lines and the average of each group is shown as a black line.](pone.0218582.g003){#pone.0218582.g003}

The final model of the DISTLM explained 99.2% of the total variance and it included the following significant (p\<0.05) explanatory variables (ranked in order of importance): total value of the River Habitat Index (IHF; 43.9% of total variance explained), percentage of area occupied by agricultural land upstream the river reach (11.8%), nitrate concentration (9.4%), the ratio of valley width to channel width (8.6%) and the component of the riparian habitat index (QBR) referring to channel alterations (7.3%). Other variables included in the final model were not significant (p\>0.05): the component of the QBR index referring to riparian vegetation cover (7.2%), percentage of land occupied by pasture upstream (4.3%), chloride concentration (4.2%) and macrophyte cover (2.2%) ([Fig 4](#pone.0218582.g004){ref-type="fig"}).

![DISTLM analysis.\
DISTLM analysis showing the dissimilarities between the macroinvertebrate assemblages of the studied sites, and predictor variables included in the final model -significant variables (p\<0.05) are highlighted in bold-. Sites previously grouped by cluster analysis are shown with different symbols (black triangles: group 1; grey inverted triangles: group 2). IHF: Total score of the River Habitat Index; QBR-natur: component of the QBR referred to river channel alteration; NO~3~^-^: nitrate concentration; Cl: chloride concentration AGR: area occupied by agricultural land upstream the study site; VWI: Valley Width Index or ratio of valley width to channel width; PAS: area occupied by pasture upstream the study site.](pone.0218582.g004){#pone.0218582.g004}

Discussion {#sec011}
==========

Our results suggest that different stressors associated with agricultural activities could have a significant impact on the macroinvertebrate assemblages in the study region. As we hypothesized, and in agreement with previous studies \[[@pone.0218582.ref011],[@pone.0218582.ref013],[@pone.0218582.ref015],[@pone.0218582.ref026]\], agricultural intensification led to a replacement of EPT taxa by tolerant taxa such as Oligochaeta or Chironomidae. Likewise, and according to our hypothesis, streams were affected not only by nitrate pollution, but also by hydromorphological stressors like the alteration of riparian and aquatic habitat, leading to functional and taxonomic changes in the macroinvertebrate assemblages. Overall, sites with a higher upstream area occupied by agricultural land were dominated by polyvoltine taxa, a biological trait that has been associated with resistance strategies in human impacted sites \[[@pone.0218582.ref029],[@pone.0218582.ref056]\].

Concentrations of nitrate significantly contributed to alter macroinvertebrate assemblages in the studied streams, as it has been observed in other agricultural areas \[[@pone.0218582.ref013],[@pone.0218582.ref021]\]. Nitrate is able to convert oxygen-carrying pigments of aquatic animals to forms that are incapable of carrying oxygen (e.g. methemoglobin; \[[@pone.0218582.ref018],[@pone.0218582.ref057]\]). In this regard, the mean nitrate concentration registered at seven of our study sites could be enough to adversely affect, at least during long-term exposures, freshwater invertebrates \[[@pone.0218582.ref018], [@pone.0218582.ref021]\]. However, nitrate uptake in aquatic animals is limited \[[@pone.0218582.ref058]\] and nitrate impact in aquatic ecosystems can be related to other processes, like an increase in autotrophic production \[[@pone.0218582.ref004]\]. Accordingly, macrophyte cover was higher in the most agricultural impacted sites. This could be associated not only with a higher nitrate concentration, but also with the degradation of the riparian forest allowing more light to penetrate the streambed \[[@pone.0218582.ref059]\]. Overall, in these highly impacted streams, taxa living and feeding on macrophytes and adapted to eutrophic conditions were favored.

The variation in aquatic macroinvertebrate assemblages between sites was best explained by variables associated with the hydromorphological alteration of the stream habitat and with the riparian habitat. Specifically, the total IHF index, the QBR components that refer to riparian vegetation cover and river channel alteration and the ratio of valley width to channel width (VWI) were responsible for 67% of the variance in the macroinvertebrate assemblages. Different authors have pointed out that physical habitat degradation can have a greater influence on aquatic macroinvertebrates than the exposure to chemical pollution. For instance, Genito *et al*. \[[@pone.0218582.ref010]\] suggested that a high percentage of agricultural land cover caused a macroinvertebrate assemblage composition that reflected stream habitat degradation, whereas nitrate concentration had a weaker association with assemblage alteration. Shields *et al*. \[[@pone.0218582.ref060]\] pointed out the importance of stream habitat conservation in agricultural areas, especially related to channel degradation, large wood removal or increased deposition of fine sediments. Accordingly, fine sediment has been determined as a more pervasive stressor to macroinvertebrate assemblage than increased nutrient concentrations in streams around agricultural areas \[[@pone.0218582.ref027]\] and under controlled experimental conditions \[[@pone.0218582.ref015]\]. Beyond agricultural activities, several studies have confirmed the strong impacts of fine sediments on stream invertebrates (e.g. \[[@pone.0218582.ref061]--[@pone.0218582.ref064]\]).

Our results show that intensive agriculture can alter the streambed, simplify the stream habitats (i.e. high substrate embeddedness in fine sediment, low heterogeneity of substrates) and deteriorate the riparian forest ([Fig 5](#pone.0218582.g005){ref-type="fig"}). This can have important impacts on the aquatic ecosystem. For example, according to Genito *et al*. \[[@pone.0218582.ref010]\] and Piscart *et al*. \[[@pone.0218582.ref012]\], the reduction of riparian forests decreased the abundance of shredders in sites affected by intensified agricultural activity, leading to a lower litter breakdown rate. Riparian alteration also enhances, together with the intensive soil tillage, the amount of sediment entering the streams \[[@pone.0218582.ref004]\]. Although we did not measure sediment fluxes directly, the importance of the IHF index (both the overall score and the 1^st^ component, referred to fine sediment accumulation) suggests that sedimentation was an important explanatory variable of the functional structure of the macroinvertebrate assemblages in the study sites. Increased stream sedimentation has often been associated with nonpoint sources arising from agricultural land uses and it is mainly related to the loss of riparian vegetation \[[@pone.0218582.ref027]\].

![Photographs of the studied sites with the highest (white acronyms) and the lowest (black acronyms) QBR and IHF total values. Y1 (QBR = 80; IHF = 71), R1 (75; 71), T1 (10; 29), T2 (35; 31) Z1 (10; 32), Z2 (10; 36).](pone.0218582.g005){#pone.0218582.g005}

In the present study, the greatest boulders, cobbles and pebbles embeddedness in fine sediment (i.e. component 1 of IHF index) were found at sites affected by a greater agricultural activity (Z1, Z2, T1, T2 and Ea). At these sites, there were less macroinvertebrates adapted to move on large substrate (i.e. crawlers), maybe because fine sediment decreased habitat heterogeneity and availability \[[@pone.0218582.ref027]\]. On the contrary, there were more invertebrates living in the mud and burrowers, as it has been previously reported for rivers experiencing sediment increases \[[@pone.0218582.ref015],[@pone.0218582.ref030]\]. Agricultural intensification also favored organisms that fed on fine sediment, negatively affecting scrapers, as it was found by previous other studies \[[@pone.0218582.ref032],[@pone.0218582.ref033]\]. This could be related to the sediment covering large substrates, thereby reducing microphytes' availability for stream fauna \[[@pone.0218582.ref065]\]. The abundance of shredders was also reduced under agricultural intensification. As suggested by Burdon et al. \[[@pone.0218582.ref027]\], this is most likely due to degraded riparian habitats ([Fig 5](#pone.0218582.g005){ref-type="fig"}), since shredders do not seem to be directly affected by sediment deposition \[[@pone.0218582.ref033]\]. Finally, respiration by plastron and gills were significantly less frequent in sites surrounded by a greater agricultural area. For example, we observed a decrease in *Elmis* and *Esolus*, which have larvae with anal gills and aquatic adults with plastron respiration \[[@pone.0218582.ref044],[@pone.0218582.ref045]\]. Concordantly, species of Coleoptera dependent on a bubble or plastron to breath have shown to be sensitive to high sediment concentration in water \[[@pone.0218582.ref046]\].

Several of the studied sites did not meet the legal requirements to be considered in good ecological status according to the WFD. Three sites did not reach the good ecological status based on the IBMWP and IMMi-T biotic indices. Nitrate exceeded the concentration for a good ecological status at seven sites, despite all of them (except for Z1) were outside of NVZs. Accordingly, the official reports point to nitrate as the main agricultural stressor in the studied streams, although they only suggest the implementation of "good agricultural practices" at a few sites (and these practices are not detailed \[[@pone.0218582.ref066]\]). However, the WFD indicators seem to underestimate hydromorphological alterations, since they were not specifically considered when determining the ecological status of the water bodies. According to Houlden \[[@pone.0218582.ref067]\], hydromorphology is a "supporting element" in the WFD, which is only used to confer the high ecological status (i.e. a site cannot have the highest ecological status if it is hydromorphologically altered). As a consequence, despite the potential effect of hydromorphological alteration on aquatic macroinvertebrates, it has been largely overlooked by water managers within the Ebro basin \[[@pone.0218582.ref066]\].

Finally, it should be noted that the increased salinization, associated with fertilizers and inefficient irrigation in agricultural areas \[[@pone.0218582.ref068]\], should also be considered as a potential source of stress for stream organisms. However, in the study area, conductivity was below 1400 μS/cm at every site, except at Encemero stream (2078 ± 158 μS/cm). The high conductivity in Encemero is naturally associated with sodium sulfate tertiary deposits and secondary minerals, mainly gypsum and calcite \[[@pone.0218582.ref069]\]. Thus, our results suggest that secondary salinization is not severe in the study area and it probably had a weak effect on aquatic macroinvertebrates given the conductivity values recorded in this study \[[@pone.0218582.ref070]\].

Conclusions and recommendations {#sec012}
===============================

Aquatic macroinvertebrates seem to be useful indicators of agricultural impacts, since both the taxonomic composition and mainly the functional structure responded to agricultural intensification. Intensive agriculture around NVZs in the study area significantly altered the stream habitats and its associated macroinvertebrate assemblages. High nitrate content could be partially responsible for such alteration, but hydromorphological impacts, especially the increase in the amount of sediment that enters the streams, seem to be the main driver behind stream degradation. The macroinvertebrate assemblage's alteration caused by intensive agriculture includes significant changes in effects traits (locomotion, food and feeding habits), which can directly affect certain ecosystem services and properties as ecosystem engineering, nutrient cycling and resource processing \[[@pone.0218582.ref071],[@pone.0218582.ref072]\].

The implementation of the ND and the WFD do not seem to be enough to prevent the degradation of streams in agricultural areas. As other authors did \[[@pone.0218582.ref005],[@pone.0218582.ref073]\], we suggest to extend the NVZs in the study area since nitrate exceeded the limits established by the WFD to achieve the good ecological status in seven of the studied sites (despite 6 of them are located upstream of NVZs). Moreover, farming practices established by the regional administration in NVZs have not been effective to reduce nitrate pollution in these areas \[[@pone.0218582.ref074]\]. Thus, the compliance of these practices should be more rigorously controlled. Accordingly, Worral *et al*. \[[@pone.0218582.ref075]\] showed little improvements in nitrate content in surface water concentration of NVZs after 12--15 years in UK, although several limitations to assess the effectiveness of NVZs have been acknowledged \[[@pone.0218582.ref076],[@pone.0218582.ref077]\]. It is necessary to improve water quality monitoring programs to identify and quantify the main pollution sources \[[@pone.0218582.ref078]\], which could be related to the increase of arable lands in the catchment \[[@pone.0218582.ref075]\]. Current water quality monitoring programs are not able to identify the hydromorphological stressors existing in the area. A proper monitoring of these stressors should be designed, and adequate practices should be implemented to achieve a good ecological status.

Supporting information {#sec013}
======================
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Reviewer \#1: No
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Reviewer \#3: Yes

Reviewer \#4: No
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4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

Reviewer \#4: Yes

Reviewer \#5: Yes
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5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The manuscript "Agricultural impacts on streams near Nitrate Vulnerable Zones: a case study in the Ebro basin, northern Spain" analyses the taxonomic and trait composition of benthic invertebrate assemblages at 11 stream reaches in the Ebro river catchment. The studied stream reaches differ in pressure from agricultural activities in their catchments. The authors included in the analysis a long list of environmental variables, including water physical-chemical, hydromorphological, geological, topographic and land-cover descriptors. Results show that invertebrate assemblages differed between sites with low and high agricultural cover within their catchments, and that hydromorphological alterations have a prominent role in shaping biotic assemblages.

Overall, the manuscript is well structured, and figures, tables and supplementary materials are informative. I have some concerns regarding data analysis, in particular regarding the use of Mann-Whitney U test for the analysis of trait composition. Moreover, it is not written if the authors tested the explanatory variables for collinearity before running the DISTLM analysis, which is an important step for this kind of analyses. These and a few minor comments are detailed below.

The authors state that "All relevant data are within the manuscript and its Supporting Information files", but I could not find the taxonomic and trait composition of benthic assemblages at the studied sites in the current submission.

Detailed comments:

Line 113: "we expected a shift...": Specify whether the expected shift is along an environmental gradient or in time.

Line 124-127: How was the impact of urban/industrial/other anthropogenic pressures assessed? Did the assessment account for the area adjacent the stream or for the whole upstream catchment? What were the criteria for site selection? What was the size of the studied sites?

Line 144: "selective electrodes": be more specific.

Lines 147-153: provide a brief description of the components of the QBR index and IHF index, and explain the scoring system (high values = high or low pressures?).

Lines 160 and 164: provide a brief description of the sampling and sub-sampling protocol.

Linea 163-164: What taxonomic level was used for Diptera, Gammaridae etc..?

Explain all acronyms in the text, e.g. IASPT and EPTCD at lines 173-174, DISTLM at line 187

Line 178: "microhabitat preferences"

Lines 186-196: Briefly explain what DISTLM analysis does. A large number of explanatory variables was included in the DISTLM. Collinearity among explanatory variables can affect the DISTLM analysis. Were environmental variables tested for collinearity?

Line 204: Although it is a non-parametric test, Mann-Whitney U test assumes that the distributions are similar. Figure 4 shows that in several cases the distributions of the two groups are not similar. I recommend choosing a more appropriate analysis. An alternative approach could be applying IndVal analysis to trait compositional data.

Line 236: Table 1 does not show among-date variability.

Line 266: It may be added here that the two groups separate sites with low and high agricultural land cover.

Lines 359-360: report your own results in this context.

Line 382: What does the expression "sediment increase" mean?

The grammar and language need a revision, here some examples:

Line 69: diverted instead of inversed?

Line 74: "river"

Line 180: delete "agricultural"

Line 153: "the percentage"

Line 227, 334: "increased" implies a temporal dynamic, better "it was higher" or something like that.

Line 232: "Among the other"

Line 241-242: this sentence is not clear, I recommend rewording

Line 255: Change "determined" with "found"

Line 277: "referring to riparian vegetation"

Line 308: "shredders and scrapers feeding on"

Reviewer \#2: This paper addresses the important issue of managing agricultural water pollution and how successful land management policies have been in improving the water environment. It is generally well written, lots of data are collected and these have been analysed thoroughly to provide some meaningful findings. I found very few problems with the paper and will just make a general comment about its scope which I feel should be addressed. I think the work done would benefit from being set in a more novel context. It is well known how agriculture impacts water quality and that nitrate pollution is driven by organic and inorganic fertiliser application as well as grazing livestock; this means that the first objective lacks novelty. The second objective is novel though and this could become the focus of the paper so that it becomes an assessment of the effectiveness of the Nitrates Directive and WFD in managing nitrate pollution, particularly in Mediterranean environments for which data are lacking. It also uses both physicochemical and macroinvertebrate data which many previous papers have not. Data are collected for many different variables and the lack of other activities, other than agriculture, in the study areas make this a useful assessment of the state of the environment in agricultural catchments. Some interesting data are presented which show high levels of pollution, particularly for the upstream areas of catchments. Indeed, it is concluded in lines 408-409 that NVZs and the WFD are not having an environmental impact, as has generally been found in the available literature, and this is a very important point. The authors need to state more clearly what is already known about the effectiveness of NVZs and include papers such as Howden et al. (2011), Kay et al. (2012), Weatherhead and Howden (2009), and Worrall et al. (2009).

Refs

Howden, N.J., Burt, T.P., Worrall, F. and Whelan, M.J., 2011. Monitoring fluvial water chemistry for trend detection: hydrological variability masks trends in datasets covering fewer than 12 years. Journal of Environmental Monitoring, 13(3), pp.514-521.

Kay, P., Grayson, R., Phillips, M., Stanley, K., Dodsworth, A., Hanson, A., Walker, A., Foulger, M., McDonnell, I. and Taylor, S., 2012. The effectiveness of agricultural stewardship for improving water quality at the catchment scale: experiences from an NVZ and ECSFDI watershed. Journal of Hydrology, 422, pp.10-16.

Weatherhead, E.K. and Howden, N.J.K., 2009. The relationship between land use and surface water resources in the UK. Land Use Policy, 26, pp.S243-S250.

Worrall, F., Spencer, E. and Burt, T.P., 2009. The effectiveness of nitrate vulnerable zones for limiting surface water nitrate concentrations. Journal of Hydrology, 370(1-4), pp.21-28.

Reviewer \#3: This is a nice case-study highlighting that whilst nitrate is an important stressor of agricultural streams, other influence factors such as deposited fine sediment may be stronger contributors to changes in macroinvertebrate community structure and traits. The authors one-off sampled 11 streams in the upper Ebro basin for macroinvertebrates, and returned to the same sites four times over the span of a year to collect physicochemical data including water samples for the estimation of nitrate concentrations. The nitrate concentrations in a number of their sites are extremely high by global standards. They detected two site types by cluster analysis that reflected differences in the degree of agricultural impacts. Using constrained ordination, they associated certain environmental factors with differences in macroinvertebrate community structure that underpinned the two site types. The use of organismal traits highlighted that invertebrates in the degraded streams were potentially more tolerant of sedimentation (e.g., microhabitat, locomotion, food, feeding habitats).

The study is competently executed, the analyses appropriate, and the writing mostly sufficient. The study is hampered by the low site replication relative to the number of environmental variables measured. Some more mention should be made about underlying physical differences in the stream types (i.e., are they naturally different?). The Discussion could do with further work to tighten it up. Several questions remain unanswered that could be addressed by the authors. Below are my major scientific concerns, followed by more minor comments and suggested changes.

1\. The conclusion that habitat degradation (e.g., sedimentation) is an important stress pathway from agricultural pressures rests largely on the results of the dbRDA and the trait analyses. However, I would like to see an explicit test of the key a priori hypothesis: namely, that nitrate is a major stress pathway in these streams (after all, nitrate is mentioned in the title). To do this explicitly, I would consider taking the constrained ordination further with variation partitioning to test if nitrate has a significant independent influence on macroinvertebrate community structure (see "varpart" in the "vegan" R package). Ideally, this analysis would also partition the other major sources of variation -- which could include the other environmental factors (e.g., instream habitat) contributing to impairment, and spatial location (since degraded sites are generally closer together with some degree of non-independence). For an example of this approach I can recommend Burdon et al. 2013 (cited in the manuscript).

2\. It would be good if the authors could highlight which of their environmental factors measured deposited sediment (i.e., yes, the IHF index tackles this but how?). At the moment, it is sort of inferred but not really explicit, which weakens the discussion.

3\. There are other stressors and pressures that could contribute to changes that are not mentioned. Did the authors consider using the SPEAR index to assess potential pesticide impacts? Are there wastewater outfalls in the study basin that could contribute to the observed water quality issues? For example, site Z2 looks like it is downstream of a WWTP. For examples of studies assessing these dual pressures see:

Burdon, F. J., et al. (2019). \"Agriculture versus wastewater pollution as drivers of macroinvertebrate community structure in streams.\" Science of The Total Environment 659: 1256-1265.

Burdon, F. J., et al. (2016). \"Environmental context and magnitude of disturbance influence trait-mediated community responses to wastewater in streams.\" Ecology and Evolution 6(12): 3923--3939.

4\. Pressure vs stressors: these terms are used interchangeably in the manuscript which I believe detracts from the message. If you refer to the Driver, Pressure, State, Impact, and Response (DPSIR) framework, "pressures" refer to broad categories contributing to impairment (i.e., land-use change, pollution, etc.). The multiple-stressor literature on agricultural systems then treats different pollutants as "stressors", e.g., nutrients (nitrate), sediment etc. Thus, agriculture could be conceived as the pressure, with the key stressors as identified.

Minor comments:

1\. Line 37: It would be good to hammer out a consistent approach to pressures and stressors (see above). Yes, there might be multiple "pressures" stemming from agricultural activities (e.g., water abstraction, pollution) -- but here the focus is on agricultural stressors.

2\. L39: pressures = stressors?

3\. L49: the abbreviated i.e. should be followed by a comma. This needs to applied consistently throughout the MS.

4\. L47-L51. As written this is confusing -- we go from nitrate and different macroinvertebrate communities to then focusing on hydromorphological impacts. Perhaps the results from the dbRDA (and the analysis suggested at major pt.1 above) could be mentioned to help back this up?

5\. L53. Consider replacing "consonance" with "concordance".

6\. L62. Now agriculture is a stressor. Consider making this the "pressure", and everything else tested for the "stressors" (e.g., nutrients, etc.)

7\. L63. Pesticides are agrochemicals. Consider using "fertilizers"

8\. L65. Just write "pollutants" here.

9\. L66-67. Reword. E.g. "...agriculture not only involves the heavy use of agrochemicals, but also requires large quantities of water for irrigation to maintain productivity."

10\. L67-68. "This demand for water has led to extensive modification of river systems in the past century, leading to greatly altered flow regimes."

11\. L70. Consider replacing "rectification" with "straightening"

12\. L72. "There is an extensive published literature on the impacts of agricultural activities using macroinvertebrate assemblages as biological indicators, with some studies specifically addressing the impacts of nitrate concentrations."

13\. L74. "Nitrate impacts on river communite have been associated with other environmental factors, including increased autotrophic production that is exacerbated by losses in riparian vegetation due to reduced shading of the stream channel."

14\. L77. "...biomass greatly alters diurnal oxygen concentrations, with increased ecosystem respiration leading to impacts on pollution-sensitive taxa such as some EPT (REF). Excessive algal growth can also smother the riverbed, reducing substrate availability..."

15\. L81. Delete "this".

16\. L85. Replace "They" with "Sedimentation also alters...

17\. L86-87. This pt. about functional traits feels shoehorned in. Perhaps first make the point about functional changes in response to sedimentation with the specific responses (L87-M89). Then more broadly describe the use of traits to discriminate agricultural stressors in impacted streams for the last sentence in the paragraph.

18\. L90. "directives (i.e., a legal act requiring member states to achieve a certain result)"

19\. L91. "revert" = "reverse"

20\. L96. "recover" = "restore"

21\. L100. "...impacts at the basin..."

22\. L104. "pointed" = "singled". "pressure" = "stressor"

23\. L107. This is correct use of pressures. Are there wastewater treatment plants in the catchment?

24\. L107. "...because it is subjected to considerable human pressures, including agriculture."

25\. L108. "pressure" = "stressor"

26\. L113-114. Order -- "taxonomic composition and functional structure"

27\. L115. "pollution-sensitive"

28\. L116. Better to say "leaf litter" for "vegetal detritus"

29\. L131. "conserved" = "preserved"

30\. L132. "scarce" = "limited"

31\. L136. "(i.e., February, May, August, and November)" -- note use of Oxford comma after August.

32\. L138. "exclusively" = "only"

33\. L141. "studied" = "recorded"?

34\. L144. Change "selective electrodes" to "handheld probes" -- the Make and Model, etc. should be listed here

35\. L160-161. Write a brief description of the sampling method for the non-Spanish speaking readers.

36\. L164. Check spelling of "Hydrachnidia"

37\. L173-174. Need to explain what EPT, IASPT, and EPTCD acronyms stand for. Are there references for these indices?

38\. L182-184. Doesn´t lines 181-182 describe the fuzzy coding approach?

39\. L188. "genera abundances"

40\. L191. "physicochemical"

41\. L215. "August"

42\. L216. Table 1. The sites could be ordered by their groups (i.e., 1 or 2). Are those nitrate concentrations for real!? Wow. Did the authors measure salinity too -- the conductivities are extremely high too?

43\. L226. "conductivity dropped below 500..."

44\. L229-230. Put site abbreviation in parentheses (Enc)

45\. L230-231. Is salinity an issue here?

46\. L240. I would highlight what the IHF index measures i.e., "Instream habitat, as measured by the IHF index, differed..."

47\. L247. Likewise, remind the readers what the QBR is about.

48\. L262. I word rephrase this sub-heading "Macroinvertebrate assemblages and agricultural stressors"

49\. L272. Use "Instream habitat (IHF index; 43.9%)". Need to explain what this is showing (i.e., less sediment, more heterogeneous substrate, etc.)

50\. L274. Component of the "riparian habitat index (QBR) referring...."

51\. L276. "...to the explained model variance."

52\. L278. Is salinity as issue if chloride is prominent?

53\. L289. These are Families -- can the authors name some common EPT species or genera? E.g., in Table 2. Rithrogena is mentioned.

54\. L319. This is a very weak way to start the Discussion. Better to say "Our results indicate that stressors associated with agricultural activities have measurable influences on macroinvertebrate assemblages in the study region."

55\. L321. This result is not confounded by the presence of wastewater?

56\. L325. Writing: "Concentrations of nitrate significantly...."

57\. L328. Hyphenate "oxygen-carrying"

58\. L336-337. I know this aspect is mentioned later, but it might good to integrate the trait findings the measured stressors (e.g., relate the coverage of macrophytes to the traits response, and then how benthic habitat changed driving microhabitat preferences etc.). I.e. make some broad statements about the results and the key hypothesis: i.e., nitrate is a major stressor of concern, before discussing the specific results.

59\. L356-359. This sentence needs work

60\. L401. There are many studies that have successfully used traits to describe agricultural impacts. Consider citing a few more of these, and rewording "In agreement with other studies (REFS)."

61\. L405-407. This is an important finding, and I think you really draw it out with a variation partitioning analysis (i.e., explicitly testing the independent contribution of nitrate relative to the other influence factors).

Reviewer \#4: This manuscript aims at identifying the main pressures on stream macroinvertebrates in relation to intensive agriculture around the so-called Nitrate Valuable Zones. The authors collected a rather impressive amount of "background" data (i.e. environmental data) as well as taxonomic and functional composition of the macroinvertebrate community. Although I find the research questions that this manuscript aims at highlighting, I believe it needs some profound revision including new statistical analyses. Anyhow, this study shows that channel simplification, riparian forest degradation and sediment inputs were the main factors affecting invertebrate assemblages pointing towards the need for implementing management practices not exclusively focused on nitrate reduction.

I have some comments that I believe could help the authors to improve the manuscript.

Main points:

1\. The introduction reads quite well: the objectives and the hypotheses that are going to be tested are clearly stated. However, several topics of prime importance -- in my opinion -- were eluded such as the complementarity between taxonomic and functional information, the importance of traits, the reasons why taxonomic composition is so used, etc. (see Truchy et al, Adv. Ecol Res 53, 55-96 for an overview and trait classification). Furthermore, I felt that the importance of the research question addressed here was lifted too late in the introduction (in the second to last paragraph) and that the transitions between the different paragraphs/ideas were abrupt.

2\. The method section needs clearer justification for such sampling design (i.e. several sampling sites per stream, meaning the downstream sites are potentially capturing the effects already captured by the most upstream sites...). Also I have some concerns regarding the trait classification used by the authors. Although the authors seem to comply with the classification developed by Usseglio-Polatera et al., 2000 (Freshwater Biol. 43, 175-205) that separates traits into biological vs. ecological traits, some of the traits used in this study are designated as biological traits but fall in reality in the ecological trait category (e.g. trophic status). I would rather recommend the authors to use another approach and consider response vs. effect traits as I think the hypotheses and therefore the conclusion of the study could be broaden to ecosystem functioning. In this respect, using traits belonging to the category of effect traits would definitely strengthen the message of the study. And least but not last, I think some complementary analyses are needed (maybe those were already conducted but then they should have been in the supplementary information). I am not very familiar with the statistical approach used by the authors (i.e. DISTLM) and therefore some justification regarding the choice of such statistics rather than the more "standard" set of analysis would have been appreciated (see my specific comments). I would also have liked to see 1) a PCA on the environmental variables rather than this very long and wordy description of the environmental characteristics of the sites in the result section; 2) a multivariate analysis on the species traits to observe the results in a multidimentional space and see which environmental variables trigger which trait (e.g. PCA, see Frainer et al. 2018, JAE 55: 377-385 for examples of analyses).

3\. For the result section, the first section could be easily cleared up by removing all the unnecessary acronyms and site names and focus only on the environmental variables that the authors do discuss later. Also, a multivariate analysis on those environmental data would actually be an efficient way to summarize the information. Also, there is still some confusion around the DISTLM analysis as the authors seem to present a dbRDA in Figure 3. Finally, I would also suggest the authors to run a multivariate analysis on the trait data as already mentioned.

4\. The discussion is overall well written and broaden quite nicely on recommendations for managers. But it would gain in strength if the authors started by making a "summary" paragraph where they would highlight their main results and whether or not their initial hypotheses were supported. By using response vs. effect traits, the authors could also extrapolate their results to stream ecosystem functioning, something that they just touch upon. This would definitively add some interest to the discussion.

Specific comments:

L39-40: the main pressures on what?

L60-71: too many "the most". This paragraph is very long and could easily get shortened for a more efficient introduction.

L156: Layers of what?

L177: First time you mention biological traits: What are those? What kind of information can they give you? It would be good to already introduce the concept of traits in the introduction.

L178-184: No justification at all regarding the inclusion of these specific traits. Why did you choose those? How do you expect them to be affected by nitrate pollution? A reference to Usseglio-Polatera et al.'s work would be appreciated here.

L187: What does DISTLM stand for? And what does it do? I guess the standard procedure would have been an NMDS followed by a PERMANOVA potentially complemented with a BEST procedure.

L191: Should be physico-chemical

L205: Differences in what?

L215: Should be "in August"

Table 1: It would be good to specify again the meaning of the acronyms as the table and its legend should be able to stand alone.

L264-266: What are the main differences between those 2 groups? Agriculture vs. forest? Or something else?

L275-279: If not significant, why do you include those variables? It seems to be a little bit odd as you conducted the DISTLM for selecting the most important environmental variables driving differences in macroinvertebrate assemblages and yet you include variables that do not participate significantly in explaining differences...

Figure 3: Seems to be a dbRDA. dbRDA is not mentioned at all in the methods section and the caption of the figure refers to DISTLM analysis. So please, be more precise in the description of the methods/figures.

L289-295: I would suggest the authors to shift the order of this paragraph with the one L270-279 as it would be more natural saying that 2 groups were identified and what they consist in.

L307: The trait categories differ in terms of what? Means? Variance? Both?

Figure 4: It is very hard to distinguish the white lines unfortunately. I would also recommend the authors to draw asterisks when the differences between the means are significant.

L323: Do the authors really mean resilient strategies? Or resistance strategies? See Bogan et al, 2015, Freshwater Biol. 60, 2547-2558 for definitions.

L336-337: This sentence reads a little bit weird. It would be good if the authors could revise it.

Supplementary:

Table S4: Please expand the legend. What are those values? Means? What are the acronyms for?

Reviewer \#5: The study and analyses were conducted well and contribute to regional and general knowledge of agricultural influences to stream benthic macroinvertebrates (especially as indicated by their traits). My only major concern is that the conclusions and recommendations as written are beyond the scope of the study (see General Comment 1).

I recommend minor revisions be made to the manuscript.

\*\*\* General Comments \*\*\*

1\) The conclusions and recommendations are far outside the scope of, and thus unsupported by, the evidence presented here. Please constrain the conclusions and recommendations to those justifiable directly from the evidence. Your data and analyses do not address the efficacy of policies or practices (e.g., "dredging and channelization restrictions") in achieving a reduction in the deleterious factors you have identified; it is possible there is are better strategies to achieve the desired beneficial outcome. Your data can only support the conclusion that less habitat alteration may improve ecological status.

2\) How was macroinvertebrate sampling effort (to include enumeration effort) standardized across samples? Were adjustments made during statistical analysis where appropriate to account for any influence of variable sample effort? The macroinvertebrate enumeration protocol described in the manuscript appears to allow for a variable level of effort in enumeration (I trust that sample collection effort per Spanish protocol is standardized among sites; if not, that is of concern as well and should be addressed). As written, the manuscript relates an unclear and potentially inconsistent sub-sampling approach that could yield samples with vastly different number of individuals (level of effort) per sample. As written, the text suggests that some samples may have been sub-sampled, some may not have been, and the criteria are not clearly presented that were used for deciding when to subsample and when to stop counting after 300 individuals. As greater effort would naturally yield greater taxa richness (with implications for statistical analysis and interpretation), it is important to ensure that any observed increase in richness is not an artifact of the sampling procedure.

3\) Results section could be improved to better convey synthesized findings, as opposed to summary of measurements (which are in the Tables). By that I mean, tell the reader what you found; what should the reader take away after reading Results? To me, this section would be more compelling if it focused on conveying the findings that certain abiotic factors differed between biologically-different groups 1 and 2.

Additionally, the section could benefit from a bit more context; frame values relative to what is expected in streams of the region with minimal impact so the reader understands whether those values are of concern.

As well, or at the least, I suggest rearranging all presentation of data in tables, and possibly in text, to be grouped by the site groupings that were developed through cluster analysis (as opposed to the alphabetical arrangement at present). As those groupings are used for Fig 3 and Fig 4, seeing the abiotic data in tables grouped accordingly should facilitate easier contemplation of associations between abiotic and biotic data. For example, it is notable that, with a few exceptions, sites in Group 1 have lower specific conductance than sites in Group 2. Such an adjustment could also work well to more clearly convey differences between groups as presented in Results L211-261 and make the entire section more compelling. Given that you have established that biological differences exist between groups (Fig 2, Fig 3), presenting the abiotic information accordingly is more ecologically meaningful than site abbreviations that mean nothing to the unacquainted reader.

4\) Regarding averaging physicochemical parameters (L191-193, L225, and Tables 1 and S3), I generally agree that an annual mean derived from quarterly sampling can give a better long-term or overall representation of conditions to which organisms are exposed as compared to just one season of data. However, such averaging can mask seasonally-variable parameters that may have different effects at different seasons.

Summer, for example, is a particularly stressful time of year as it combines heat stress (summer maximum temperature) with low dissolved oxygen saturation potential (resulting from said heat). Similarly, nutrient levels are potentially of greater influence during the growing season (or leaf-off season) when sunlight and/or temperature are at levels sufficient to induce rapid excessive algal growth. Further, presenting the standard error of the mean in Table 1 is of marginal utility in describing values that vary widely across seasons (as noted with nitrate on L236-237). I'd prefer to see mean and range, the latter of which is helpful for understanding if extreme values (e.g., low summer oxygen, high summer temperature) may be influencing biota.

Another option to consider is to present these values in figure format, with 2 or 3 Y-axes (or multiple panels), and with 4 seasonal points along the X-axis. For one, it would allow graphical representation of thresholds and whether they were exceeded (with a multipanel presentation), which is somewhat more interesting than the absolute concentrations in the context of this manuscript. Secondly, visual separation of sites by Group would be evident where it exists, which could help with regard to the concern noted in General Comment 3. Presentation of seasonal values would also allow for contemplation of the timing of chemical levels relative to taxa life stages; something potentially of interest as there appears to be some differences among groups with respect to reproductive cycles (Fig 4). The numerical table may still reside in Supporting Information.

\*\*\* Specific Comments \*\*\*

L76-77: "High periphyton biomass reduces diurnal oxygen concentrations" is confusing. Diurnal means "during the day", at which time periphyton is photosynthesizing and producing oxygen. In contrast, at night (nocturnal) respiration by excessive periphyton could cause substantial decrease in oxygen. A quick look at the citation (\#22) does not clarify to what those authors were attributing the low diurnal oxygen. Moreover, the statement in the citation restricts the comment about low oxygen to substrate interstices, yet the language of the present manuscript is not specific and could reasonbly be interpreted to mean water-column oxygen concentration is reduced. It's possible that the Harding et al. paper was attempting to state that diel (i.e., during a 24-h period) oxygen was depressed owing to excessive nocturnal respiration. Regardless, a revision for clarity and accuracy (e.g., interstices vs. water-column) would help here, as it is important to establish clearly the mechanisms by which algal growth influences macroinvertebrates since that is one of several important factors as noted on L81-82.

L111-117: This is close, but not quite a true statement of hypotheses; they are only predictions. Hypotheses should suggest mechanisms by which the expected effects are thought to occur. The authors cover that ground adequately in the prior paragraphs discussing mechanisms by which each of the factors on L111-113 (nitrate, sediment, habitat) are expected to influence macroinvertebrates. Revising the phrasing of L111-113 to include such mechanistic statements would present a true hypothesis, with related predicitons following on L113-117.

L147-154 (and similarly L120-127): A brief description of sample reach length and habitat sampling methods (e.g., transects?) should be provided.

L151-153: Terms used to refer to habitat features in the text differ from those used in Table S1 (e.g., rapid vs. riffle). Terminology should be consistent throughout the manuscript.

L160-161: Please provide a brief summary of general sampling methods (e.g., quantitative vs. semi-quantitative, sample device, approx. substrate area sampled, substrate type(s) sampled, etc.). This clarification will also help address the concerns over standardized sampling effort that I raised above.

L164-165: "At least 300 individuals per sample..." Was adjustment made for level of effort (e.g., greater taxa richness accumulation with greater number of individuals)? Or was it accounted for within the calculations of the various indices used or in some other way (e.g., non-subsampled sample data rarified to a number of individuals equal to the lowest abundance among samples)? Please clarify.

L167-176: Many abbreviations are used in this section without prior definition. Please define.

L216-223 (Table 1): Please choose a different convention from red text to indicate notable values, as that may be illegible to color-blind readers and when reproduced in black & white. Italics could work.

L216-223 (Table 1): For the habitat indices (IHF and QBR), please add perspective as to what are generally good vs. poor values (or comparable to reference vs. increasingly different from reference) here in the table and ideally also in the Methods section (L147-154; authors describe the indices but don't provide orientation to the range of values or what they mean).

L231-232: Some perspective would be helpful here. It is stated that sulfate and calcium were "exceptionally high" at Encemero. For the unacquainted reader, it would be good to state what an expected levels of these parameters are for reference streams of the region. Or at least contrast with and note values in the least impacted streams in this study.

L242-245: The sentence is awkward and unclear. The numbers in parentheses are unnecessary and confusing (I initially thought they were the low values alluded to at the beginning of the sentence). Please revise for clarity. Further, this is a prime location to highlight Group-wise differences.

L270 & Fig 3 caption: Clarify that DISTLM analysis is explaining variation in macroinvertebrate assemblage composition among sites.

L275-276: Please indicate Type I error (alpha) levels for significance determination.

L319-321: Language here is too conclusory regarding causation for an observational study. Please restate to reflect the correlative nature of the study and analyses.

L325: Causation; see above

L326-327: Causation; see above

L334-336: Causation; see above

L358: Please clarify what is meant by "elements heterogeneity".

L362: Causation; see above

L401: Causation; see above

L405: On what basis has sedimentation been parsed from other factors in this study as a main driver of degradation? The largest proportion of variation was noted as the aggregate IHF-total, and no sediment-specific parameters are included in the list of other significant explanatory factors (L270-279). Presumably sediment components of the IHF were included in DISTLM just as was done with QBR-natur, yet those IHF components were not prominent factors differentiating groups. I don't think the data and analyses here support such a narrow conclusion as written.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 0

23 Sep 2019

Dear Editor,

First of all, we would like to thank you and the reviewers for the valuable contributions to the manuscript, which have considerably improved it. We have included new tables in the Supporting Information and modified tables and figures in the manuscript according to the reviewer´s comments. We have also modified the structure of the different sections (i.e. rearranged them) and the content of the manuscript (e.g. by providing additional information to clarify some issues).

Below we provide detailed answers to every major comment and to minor ones when necessary (some, such as minor text modifications, have been incorporated without further discussion).

REVIEWER 1

MAJOR COMMENTS

1\. Reviewer comment: Regarding the use of Mann-Whitney U test for the analysis of trait composition. Although it is a non-parametric test, Mann-Whitney U test assumes that the distributions are similar. Figure 4 shows that in several cases the distributions of the two groups are not similar. I recommend choosing a more appropriate analysis. An alternative approach could be applying IndVal analysis to trait compositional data.

Response: Mann-Whitney U test assumes that, under the null hypothesis H0, the distributions of both groups are equal, and under the alternative hypothesis H1 the distributions are not equal. Therefore, we consider that this test is appropriate to determine functional differences between groups. Nevertheless, following the reviewer's suggestion, we have performed an IndVal analysis. The results are shown below:

Trait category group indval pvalue Trait category group indval pvalue

Fedding habits: deposit_feeder 2 0,659 0,002 Microhabitat: bould_cobbl_peb 1 0,569 0,029

Fedding habits: filter_feeder 2 0,620 0,028 Microhabitat: gravels 1 0,542 0,014

Fedding habits: parasite 2 0,673 0,002 Microhabitat: macrophytes 2 0,588 0,018

Fedding habits: scraper 1 0,560 0,012 Microhabitat: mud 2 0,622 0,004

Fedding habits: shredder 1 0,624 0,008 Reprod. Cycles: 1 1 0,589 0,004

Food: detritus_less1 2 0,564 0,007 Reprod. Cycles: less_1 1 0,674 0,006

Food: fine_sediment 2 0,627 0,008 Reprod. Cycles: more_1 2 0,642 0,003

Food: macrophytes 2 0,544 0,006 Respiration: gill 1 0,570 0,009

Food: microphytes 1 0,541 0,005 Respiration: plastron 1 0,775 0,002

Locomotion: burrower 2 0,578 0,008 Respiration: tegument 2 0,560 0,037

Locomotion: crawler 1 0,553 0,003 Trophic status: eutrophic 2 0,635 0,003

Locomotion: flier 1 0,688 0,011 Trophic status: mesotrophic 2 0,526 0,009

Locomotion: swimmer 2 0,550 0,039 Trophic status: oligotrophic 1 0,602 0,003

A total of 26 functional traits were significantly associated to one of the two groups, 25 of which were also significantly different between group 1 and 2 according to the Mann-Whitney U test. Tegument respiration was the only trait selected by the IndVal analysis that did not differ significantly between groups according to the Mann-Whitney U test.

Since the results from the two analyses are very similar, we have decided to keep the Mann-Whitney U test in the manuscript. With only two groups, we were not interested in assigning an indicator value to each trait characteristic. Besides, as the groups were defined using macroinvertebrate composition, we consider that applying the Indval again on trait characteristics (as we have done with composition) could be redundant. Moreover, we think that the "beanplots" are very illustrative of the differences in trait characteristics (supported by the Mann-Whitney tests).

2\. Reviewer comment: It is not written if the authors tested the explanatory variables for collinearity before running the DISTLM analysis, which is an important step for this kind of analyses.

Response: We have explained the DISTLM method in greater detail in the new version of the manuscript, including aspects related to the collinearity of variables. Variables highly correlated with others (i.e. Spearman correlation coefficient higher than 0.9) had been previously removed from the analysis.

3\. Reviewer comment: The authors state that "All relevant data are within the manuscript and its Supporting Information files", but I could not find the taxonomic and trait composition of benthic assemblages at the studied sites in the current submission.

Response: The taxonomic and trait composition of the macroinvertebrate assemblages at the studied sites have been included in the Supporting Information.

MINOR COMMENTS

1\. Reviewer comment: How was the impact of urban/industrial/other anthropogenic pressures assessed? Did the assessment account for the area adjacent the stream or for the whole upstream catchment? What were the criteria for site selection? What was the size of the studied sites?

Response: As we have detailed in the revised manuscript, to reduce natural differences among the studied sites (100 m length), all of them belong to first-order streams and to the same stream typology (\"Calcareous Mediterranean mountain rivers\") according to the classification developed in Spain by the Ministry for the Environment to fulfil the WFD (ORDER ARM/2656/2008). The study sites were not affected by urban or industrial discharges. There are no large villages (i.e. more than 500 inhabitants) in the area and almost no industrial activity (agriculture is the main activity). The study sites were selected to fulfil the above-mentioned criteria after a visual inspection of the region.

REVIEWER 2

MAJOR COMMENTS

1\. Reviewer comment: Some interesting data are presented which show high levels of pollution, particularly for the upstream areas of catchments. Indeed, it is concluded in lines 408-409 that NVZs and the WFD are not having an environmental impact, as has generally been found in the available literature, and this is a very important point. The authors need to state more clearly what is already known about the effectiveness of NVZs and include papers such as Howden et al. (2011), Kay et al. (2012), Weatherhead and Howden (2009), and Worrall et al. (2009).

Response: We thank the reviewer for the recommended literature. We have revised it and included it in the "conclusion and recommendation" section to provide more information on the Nitrate Directive and the NVZs effectiveness, and to expand on the management implications of our study.

REVIEWER 3

MAJOR COMMENTS

1\. Reviewer comment: The conclusion that habitat degradation (e.g., sedimentation) is an important stress pathway from agricultural pressures rests largely on the results of the dbRDA and the trait analyses. However, I would like to see an explicit test of the key a priori hypothesis: namely, that nitrate is a major stress pathway in these streams (after all, nitrate is mentioned in the title). To do this explicitly, I would consider taking the constrained ordination further with variation partitioning to test if nitrate has a significant independent influence on macroinvertebrate community structure (see "varpart" in the "vegan" R package).

Response: We have revised the text to better explain the use of DISTLM to determine the importance of the different environmental variables in the variation of the macroinvertebrate assemblages among sites. "Varpart" (vegan) partitions variance using a Redundancy Analysis, whereas DISTLM does it using a Distance-based Redundancy Analysis. The DISTLM analysis allows analysing and modelling the relationship between a biological data cloud (i.e. a composition resemblance matrix) and one or more predictor variables. In our case, the resemblance matrix described the dissimilarities among the macroinvertebrate assemblages of the studied sites based on genus abundance data, and we used the environmental variables (including nitrate) as predictor variables. The DISTLM provided quantitative measures of the variation explained by each predictor, allowing the partitioning of variance according to a regression model.

As it is described in the new version of the manuscript, according to DISTLM analysis, nitrate significantly explained a 9.3% of the variation in the macroinvertebrate assemblages between sites. However, the variation in aquatic macroinvertebrate assemblages among sites was best explained by the variables associated with hydromorphological alterations of the stream habitat and topography. Specifically, the combination of the IHF index, the QBR components that refer to riparian vegetation cover and river channel alteration, and the ratio of valley width to channel width (VWI) explained a 67% of the variation in the macroinvertebrate assemblage among sites.

2\. Reviewer comment: It would be good if the authors could highlight which of their environmental factors measured deposited sediment (i.e., yes, the IHF index tackles this but how?). At the moment, it is sort of inferred but not really explicit, which weakens the discussion.

Response: Deposited sediment is directly related to the component 1 of the IHF index. As we have detailed in the new version of the manuscript and in the Supporting Information, this component refers to hard substrate embeddedness into the fine sediment. Table S4 shows that every site in group 2 has a score of 0 in this component, which means that more than 60% of the hard substrate was embedded in fine sediment, whereas every site of group 1 showed a higher score (i.e. lower embeddedness).

3\. Reviewer comment: There are other stressors and pressures that could contribute to changes that are not mentioned. Did the authors consider using the SPEAR index to assess potential pesticide impacts? Are there wastewater outfalls in the study basin that could contribute to the observed water quality issues? For example, site Z2 looks like it is downstream of a WWTP.

Response: Regarding other stressors (e.g. pesticides) and indices (e.g. SPEAR) not included in the study, we would like to highlight that the Ebro Hydrographic Confederation (the public organism responsible of water quality monitoring programmes in the rivers of the area; <http://www.chebro.es/>) routinely analyses pesticides (together with nutrients and other chemical compounds) in the study region. Among them, nitrate has been historically pointed out as the main pollutant and stressor of these water bodies (public data on <http://www.chebro.es/>). Thus, although we recognise that it could be interesting to include pesticides in our study, we decided to focus on nitrate. Along with nutrients, we decided to assess hydromorphological variables because they have been pointed out as key factors shaping aquatic invertebrate communities in agricultural streams by previous papers and they have received little attention from the monitoring programmes.

Regarding wastewater treatment plants, we selected sites with no urban or industrial sewage discharges in their adjacent area. It should also be noted that there are no large villages (i.e. more than 500 inhabitants) in the area and almost no industrial activity (agriculture is the main activity). Z2 (belonging to Zamaca stream) is the closest site to a wastewater treatment plant, and it is located more than 2 km upstream of the sample site. Moreover, the wastewater plant is dimensioned to 3500 inhabitants (<https://www.larioja.org/larioja-client/cm/consorcio-aguas/images?idMmedia=892956>), and it collects discharges from 3 villages (Zarratón, Ollauri and Gimileo) that have 660 inhabitants in total (data from Spanish National Statistics Institute; INE). Thus, it guarantees an important reduction of pollutants before the effluent reaches Zamaca stream. For example, in 2017 nitrate concentration in the effluent of this wastewater plant was always lower than 18 ppm (<https://www.larioja.org/consorcio-aguas/es/depuracion/instalaciones/depuradoras-servicio/estaciones-depuradoras-aguas-residuales>), whereas the average nitrate concentration at Z2 was 84 ppm. Thus, the influence of the wastewater treatment plant seems to be very limited.

4\. Reviewer comment: Pressure vs stressors: these terms are used interchangeably in the manuscript which I believe detracts from the message. If you refer to the Driver, Pressure, State, Impact, and Response (DPSIR) framework, "pressures" refer to broad categories contributing to impairment (i.e., land-use change, pollution, etc.). The multiple-stressor literature on agricultural systems then treats different pollutants as "stressors", e.g., nutrients (nitrate), sediment etc. Thus, agriculture could be conceived as the pressure, with the key stressors as identified.

Response: The terms pressures and stressors have been corrected following the reviewer´s suggestions.

MINOR COMMENTS

1\. Reviewer comment: Table 1. The sites could be ordered by their groups (i.e., 1 or 2). Are those nitrate concentrations for real!? Wow. Did the authors measure salinity too -- the conductivities are extremely high too?

Response: Following the reviewer's suggestion, the sites have been ordered by group in the tables of the manuscript and in the Supporting Information. Relative to high conductivity values, as we have added to the manuscript, the high conductivity and concentrations of different ions at Enc and R3 sites are associated with natural sodium sulfate tertiary deposits and secondary minerals, mainly gypsum and calcite (Menduiña et al. 1984)

Menduiña J, Ordóñez S, del Cura MG. Geología del yacimiento de glauberita de Cerezo de Rio Tirón (Burgos). Bol Geol Min. 1984;95(1):35--51.

REVIEWER 4

MAJOR COMMENTS

1\. Reviewer comment: The introduction reads quite well: the objectives and the hypotheses that are going to be tested are clearly stated. However, several topics of prime importance -- in my opinion -- were eluded such as the complementarity between taxonomic and functional information, the importance of traits, the reasons why taxonomic composition is so used, etc. (see Truchy et al, Adv. Ecol Res 53, 55-96 for an overview and trait classification). Furthermore, I felt that the importance of the research question addressed here was lifted too late in the introduction (in the second to last paragraph) and that the transitions between the different paragraphs/ideas were abrupt.

L60-71: too many "the most". This paragraph is very long and could easily get shortened for a more efficient introduction.

Response: We thank the reviewer for the valuable suggestion and reference. We have rewritten the introduction, reduced the first paragraph and explained the concept of biological traits and its use in biomonitoring.

2\. Reviewer comment: The method section needs clearer justification for such sampling design (i.e. several sampling sites per stream, meaning the downstream sites are potentially capturing the effects already captured by the most upstream sites...). Also I have some concerns regarding the trait classification used by the authors. Although the authors seem to comply with the classification developed by Usseglio-Polatera et al., 2000 (Freshwater Biol. 43, 175-205) that separates traits into biological vs. ecological traits, some of the traits used in this study are designated as biological traits but fall in reality in the ecological trait category (e.g. trophic status). I would rather recommend the authors to use another approach and consider response vs. effect traits as I think the hypotheses and therefore the conclusion of the study could be broaden to ecosystem functioning. In this respect, using traits belonging to the category of effect traits would definitely strengthen the message of the study. And least but not last, I think some complementary analyses are needed (maybe those were already conducted but then they should have been in the supplementary information). I am not very familiar with the statistical approach used by the authors (i.e. DISTLM) and therefore some justification regarding the choice of such statistics rather than the more "standard" set of analysis would have been appreciated (see my specific comments). I would also have liked to see 1) a PCA on the environmental variables rather than this very long and wordy description of the environmental characteristics of the sites in the result section; 2) a multivariate analysis on the species traits to observe the results in a multidimentional space and see which environmental variables trigger which trait (e.g. PCA, see Frainer et al. 2018, JAE 55: 377-385 for examples of analyses). What does DISTLM stand for? And what does it do? I guess the standard procedure would have been an NMDS followed by a PERMANOVA potentially complemented with a BEST procedure.

Response: The sampling design has been explained and justified in the methods section of the manuscript. The 6 streams selected in the present study are the only first-order streams around these NVZs, where nitrate levels have previously exceeded, according to monitoring programs carried out by the Ebro Hydrographic Confederation (CHE; <http://www.chebro.es/>), the highest value established by WFD to consider that a river is in good ecological status. However, some of these streams have been studied just sporadically and all of them just at one site. Since the intensity of agricultural stressors may vary at reach scale, we included additional sampling sites.

We have now divided the functional traits into biological and ecological ones in accordance to Usseglio-Polatera et al., 2000, explaining the meaning of each one in the methodology and modifying Figure 4. We believe that this approach is suitable for our study, but we have also made a brief reference to the concept of effect traits both in methodology and in discussion. Finally, we have justified our selection of traits.

Usseglio-Polatera P, Bournaud M, Richoux P, Tachet H. Biological and ecological traits of benthic freshwater macroinvertebrates: Relationships and definition of groups with similar traits. Freshw Biol. 2000;43(2):175--205.

According to the reviewer's comment, DISTLM analysis routine and its dbRDA associated plot have been better explained in the new version of the manuscript. We believe that no further analyses are required to meet our objectives, since the current analyses already quantify the response of the macroinvertebrate communities to shifts in the different predictor variables and identify the main traits that are affected by agricultural impacts. According to the manual of the PERMANOVA+ software, DISTLM is a more precise analogue of multiple linear regression than BEST, as it uses the resemblance matrix as an active sheet.

Frainier et al. (2018) used a PCA to summarise the variables in components that were then used in further analyses. This is an appropriate procedure to summarize information when the use of too many variables can difficult the observation of patterns. However, the observed relationships between two specific variables depend largely on the set of variables (adding or deleting variables may alter the apparent relationships among them) and the number of dimensions considered to represent the results. As we were not interested in summarising variables into components, we used the DISTLM to observe relationships between biological and environmental variables (without the influence of the set of variables or number of dimensions considered). The differences in functional characteristics are determined by the differences in composition between the two groups of sites defined, which are shaped by the different environmental conditions. These functional differences are illustrated using beanplots (statistically tested using Mann-Whitney).

3\. Reviewer comment: For the result section, the first section could be easily cleared up by removing all the unnecessary acronyms and site names and focus only on the environmental variables that the authors do discuss later. Also, a multivariate analysis on those environmental data would actually be an efficient way to summarize the information. Also, there is still some confusion around the DISTLM analysis as the authors seem to present a dbRDA in Figure 3. Finally, I would also suggest the authors to run a multivariate analysis on the trait data as already mentioned.

Response: According to the reviewer's comments, we have synthesized the environmental variables, focusing on those that are later discussed. Also, we have grouped the sites in the tables according to the cluster analysis to make the results easier to follow. We consider necessary to include these tables, since they show the physicochemical characterisation of the sites and their ecological status according to the WFD, which was one of the objectives of the study. Regarding the PCA analysis, please see our reply above.

4\. Reviewer comment: The discussion is overall well written and broaden quite nicely on recommendations for managers. But it would gain in strength if the authors started by making a "summary" paragraph where they would highlight their main results and whether or not their initial hypotheses were supported. By using response vs. effect traits, the authors could also extrapolate their results to stream ecosystem functioning, something that they just touch upon. This would definitively add some interest to the discussion.

Response: According to the reviewer's comments, we have added a "summary" paragraph to the discussion section where the main results and their relationship with our initial hypotheses are summarised. We have also made a brief reference to the concept of effect traits both in methodology and in discussion

MINOR COMMENTS

1\. Reviewer comment: Figure 4, it is very hard to distinguish the white lines unfortunately. I would also recommend the authors to draw asterisks when the differences between the means are significant.

Response: Figure 4 has been modified according to the trait classification -biological or ecological- and it has been redrawn to make lines more visible. We did not draw asterisks as the figure only includes trait categories that were significantly different between groups (this is explained in the figure caption).

REVIEWER 5

MAJOR COMMENTS

1\. Reviewer comment: The conclusions and recommendations are far outside the scope of, and thus unsupported by, the evidence presented here. Please constrain the conclusions and recommendations to those justifiable directly from the evidence. Your data and analyses do not address the efficacy of policies or practices (e.g., "dredging and channelization restrictions") in achieving a reduction in the deleterious factors you have identified; it is possible there is are better strategies to achieve the desired beneficial outcome. Your data can only support the conclusion that less habitat alteration may improve ecological status.

We have reworded the conclusions and recommendations to avoid overstatements and stick to the evidences supported by our results. Those addressing the efficacy of policies or practices in achieving a reduction in environmental stressors have been removed.

2\. Reviewer comment: How was macroinvertebrate sampling effort (to include enumeration effort) standardized across samples? Were adjustments made during statistical analysis where appropriate to account for any influence of variable sample effort? The macroinvertebrate enumeration protocol described in the manuscript appears to allow for a variable level of effort in enumeration (I trust that sample collection effort per Spanish protocol is standardized among sites; if not, that is of concern as well and should be addressed). As written, the manuscript relates an unclear and potentially inconsistent sub-sampling approach that could yield samples with vastly different number of individuals (level of effort) per sample. As written, the text suggests that some samples may have been sub-sampled, some may not have been, and the criteria are not clearly presented that were used for deciding when to subsample and when to stop counting after 300 individuals. As greater effort would naturally yield greater taxa richness (with implications for statistical analysis and interpretation), it is important to ensure that any observed increase in richness is not an artifact of the sampling procedure.

The macroinvertebrate sampling and identification protocol has been described in the new version of the manuscript according to the reviewer's comments. This quantitative protocol considers the presence of 5 different habitat types: hard substrate, fine sediments, plant debris, submerged bank vegetation and submerged macrophytes. Then, 20 surber samples (0.1 m2 surface) are taken, proportionally distributed among each type of habitat according to the percentage of streambed surface occupied by each of them. For counting macroinvertebrates, sub-sampling was used to estimate the taxa abundances once at least 300 individuals per sample were counted, although sample exploration continued to check for new taxa.

3\. Reviewer comment: Results section could be improved to better convey synthesized findings, as opposed to summary of measurements (which are in the Tables). By that I mean, tell the reader what you found; what should the reader take away after reading Results? To me, this section would be more compelling if it focused on conveying the findings that certain abiotic factors differed between biologically-different groups 1 and 2.

Additionally, the section could benefit from a bit more context; frame values relative to what is expected in streams of the region with minimal impact so the reader understands whether those values are of concern.

As well, or at the least, I suggest rearranging all presentation of data in tables, and possibly in text, to be grouped by the site groupings that were developed through cluster analysis (as opposed to the alphabetical arrangement at present). As those groupings are used for Fig 3 and Fig 4, seeing the abiotic data in tables grouped accordingly should facilitate easier contemplation of associations between abiotic and biotic data. For example, it is notable that, with a few exceptions, sites in Group 1 have lower specific conductance than sites in Group 2. Such an adjustment could also work well to more clearly convey differences between groups as presented in Results L211-261 and make the entire section more compelling. Given that you have established that biological differences exist between groups (Fig 2, Fig 3), presenting the abiotic information accordingly is more ecologically meaningful than site abbreviations that mean nothing to the unacquainted reader.

We have synthesized the results section and focused on findings that were relevant for the objectives and discussion of the paper. Standards for the environmental variables and biotic indices included in the Spanish legislation (RD 817/2015), based on WFD, are shown in Table 1, as well as the ranges of the IHF and QBR indices. We have also rearranged data presentation (e.g. grouping sites according to groups obtained in cluster analysis and focusing on differences between established groups).

4\. Reviewer comment: Regarding averaging physicochemical parameters (L191-193, L225, and Tables 1 and S3), I generally agree that an annual mean derived from quarterly sampling can give a better long-term or overall representation of conditions to which organisms are exposed as compared to just one season of data. However, such averaging can mask seasonally-variable parameters that may have different effects at different seasons.

Summer, for example, is a particularly stressful time of year as it combines heat stress (summer maximum temperature) with low dissolved oxygen saturation potential (resulting from said heat). Similarly, nutrient levels are potentially of greater influence during the growing season (or leaf-off season) when sunlight and/or temperature are at levels sufficient to induce rapid excessive algal growth. Further, presenting the standard error of the mean in Table 1 is of marginal utility in describing values that vary widely across seasons (as noted with nitrate on L236-237). I'd prefer to see mean and range, the latter of which is helpful for understanding if extreme values (e.g., low summer oxygen, high summer temperature) may be influencing biota.

According to reviewer´s suggestion, we show the mean and the range (i.e. minimum and maximum) of the physicochemical variables.

MINOR COMMENTS

1\. Reviewer comment: On what basis has sedimentation been parsed from other factors in this study as a main driver of degradation? The largest proportion of variation was noted as the aggregate IHF-total, and no sediment-specific parameters are included in the list of other significant explanatory factors (L270-279). Presumably sediment components of the IHF were included in DISTLM just as was done with QBR-natur, yet those IHF components were not prominent factors differentiating groups. I don't think the data and analyses here support such a narrow conclusion as written.

We considered sedimentation as the main driver of degradation in sites affected by intensive agriculture because of two main issues:

a\. The IHF index explained the largest proportion of variation among sites according to the DISTLM analysis. The first component of this index (IHF-1) refers to hard substrate embeddedness in fine sediment, although it resulted significantly correlated with the IHF total index (i.e. Spearman correlation coefficient higher than 0.9) and it was consequently removed from the DISTLM analysis. Anyway, as it can be seen in table S4, every site of group 2 has a score of 0 in this IHF component, which means that more than 60% of hard substrate was embedded in fine sediment; whereas every site of group 1 showed lower embeddedness and, consequently a higher score of this component.

b\. Moreover, as we now state in the discussion, several traits significantly associated with the sites more impacted by agriculture seemed to be related to sediment increase. Accordingly, Murphy et al. (2017) confirmed the potential of macroinvertebrate biological traits as indicators of fine sediment impacts on rivers.

Murphy JF, Jones JI, Arnold A, Duerdoth CP, Pretty JL, Naden PS, et al. Can macroinvertebrate biological traits indicate fine-grained sediment conditions in streams? River Res Appl. 2017;33(10):1606--17

In any case, we have tried to avoid overstatements along the discussion section in the new version of the manuscript.

2\. Reviewer comment: Language in several parts of the discussion is too conclusory regarding causation for an observational study. Please restate to reflect the correlative nature of the study and analyses.

Following the reviewer's suggestions, we have reworded several sentences of the discussion section to make them less conclusory and acknowledge the limitations of our study.
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PONE-D-19-15451R1

Agricultural impacts on streams near Nitrate Vulnerable Zones: a case study in the Ebro basin, northern Spain

PLOS ONE

Dear Dr. Cañedo-Argüelles Iglesias,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Overall, all comments have been carefully addressed and the manuscript is now improved and more specific. Please, consider the minor comments below. 

Some additional minor comments:

Table 1: Please, use the same units for all concentrations either express O2 in ppm or the other nutrients in mg/L. 

Throughout the text replace NO3 by NO~3~ ^−^

We would appreciate receiving your revised manuscript by Dec 01 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Clara Mendoza-Lera

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#3: (No Response)

Reviewer \#5: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#3: Yes

Reviewer \#5: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#3: Yes

Reviewer \#5: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#3: Yes

Reviewer \#5: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#3: Yes

Reviewer \#5: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors addressed all the comments from the previous revision round. I have only a few further comments:

Lines 245-246: What variables were removed because of the correlation with other variables?

Lines 314-315: "Group 1 was characterized by taxa with short reproductive cycles" \[\] "Group 2 was characterized by taxa with longer reproductive cycles". This is wrong, if the studied trait represents the number of reproductive cycles per year, as for line 203. The asymmetric beanplots show that Group 1 has higher proportion of the modality "less than 1" and "1" compared to Group 2; and Group 2 has higher proportion of the modality "more than 1" compared to Group1. I´d recommend to describe them as mono- or semivoltine taxa (group 1) and polyvoltine taxa (group 2), rather than taxa with long/short reproductive cycle.

Check figure numbering. The text refers to the asymmetric beanplots as Figure 3, but it was uploaded as Figure 4. The dbRDA plot was upleaded as Figure 3, instead of Figure 4.

Remove "all of them" at line 124.

Reviewer \#3: The revised manuscript reads much better and I am satisfied that the authors have addressed their key prediction about the influence of different stressors associated with agricultural activities in their study region. I only have some minor corrections to suggest:

1\. Abstract, L36: "produced" = "caused"

2\. Abstract, L45: "good" = "useful" (since "good" is a WFD status class, it could get confusing).

3\. Abstract, L47: Consider "The streams affected by a greater percentage of agricultural land cover in the surrounding catchment had significantly higher nitrate concentrations than the remaining sites".

4\. Abstract, L51: Consider adding quotation marks around "good agricultural practices"

5\. Intro, L87: "Various studies suggest that 10 ppm..."

6\. Intro, L104: "grazers" -- This FFG probably reflects how different taxa are assigned (i.e., there is a separate category for "scrapers"), but an increase in "grazers" is at odds with "reducing substrate availability for grazing mayflies" as per smothering algae effects (L96). I´m not certain much can be done about this apparent contradiction, although the authors should be citing Rabeni et al. (2005) here and in the Discussion -- and those researchers found that scrapers (presumably including grazers) decreased with increasing sedimentation. Note also that a decrease in shredders as per the expectation at L114-119 is at odds with what Rabeni et al. 2005 found; although Burdon et al. 2018 found that grazers (including scrapers) and shredders decreased across a landscape disturbance gradient whilst collectors become proportionally more abundant.

Rabení, C.F., Doisy, K.E. & Zweig, L.D. 2005. Aquatic Science 67: 395-402; <https://doi.org/10.1007/s00027-005-0793-2>

Burdon, F. J., McIntosh, A.R., Harding J.S. (2018). Mechanisms of trophic niche compression: evidence from landscape disturbance bioRxiv 329623; doi: <https://doi.org/10.1101/329623> (Accepted for publication in the Journal of Animal Ecology).

7\. Methods, L150: "studied" = "sampled".

8\. Methods, L168: "associated to" = "associated with"

9\. Methods, L179: Capital S in "Surber"

10\. Methods, L236: "distance-based"

11\. Methods, L238: "abundances"

12\. Results, L275: "concentrations"

13\. Results, L308-311, Table 2: Check "Leptophlebiidae" -- I guess the \# doesn´t belong here

14\. Results, L327: define "agricultural" land here -- i.e., arable cropping, etc. "Pasture" is mentioned at L332 which is also an agricultural land use.

15\. Conclusion: L441: "good" = "useful" (since good is also a WFD status category)

Reviewer \#5: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#3: No

Reviewer \#5: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0218582.r004

Author response to Decision Letter 1

21 Oct 2019

. Reviewer comment: Throughout the text replace NO3 by NO3−

Response: We have replaced NO3 by NO3− at manuscript, and accordingly, at Supporting Information (as the other ions) and at figure 4.

REVIEWER 1

1\. Reviewer comment: What variables were removed because of the correlation with other variables?

Response: Concentration of SO42-, Ca2+ and Mg2+, Components 1, 2 and 7 of IHF index, QBR-total and Upstream siliceous rocks (%)

2\. Reviewer comment: "Group 1 was characterized by taxa with short reproductive cycles", "Group 2 was characterized by taxa with longer reproductive cycles". This is wrong, if the studied trait represents the number of reproductive cycles per year, as for line 203. The asymmetric beanplots show that Group 1 has higher proportion of the modality "less than 1" and "1" compared to Group 2; and Group 2 has higher proportion of the modality "more than 1" compared to Group1. I´d recommend to describe them as mono- or semivoltine taxa (group 1) and polyvoltine taxa (group 2), rather than taxa with long/short reproductive cycle.

Response: We are sorry for this mistake. According to reviewer recommendations, we have described taxa in the test as mono-, semi- or polyvoltine taxa, and we have accordingly added these terms in the Supporting Information.

3\. Reviewer comment: Check figure numbering. The text refers to the asymmetric beanplots as Figure 3, but it was uploaded as Figure 4. The dbRDA plot was upleaded as Figure 3, instead of Figure 4.

Response: We uploaded now asymmetric beanplots as figure 3 and dbRDA plot as figure 4, as it is correct.

REVIEWER 3

1\. Reviewer comment: "grazers" -- This FFG probably reflects how different taxa are assigned (i.e., there is a separate category for "scrapers"), but an increase in "grazers" is at odds with "reducing substrate availability for grazing mayflies" as per smothering algae effects (L96). I´m not certain much can be done about this apparent contradiction, although the authors should be citing Rabeni et al. (2005) here and in the Discussion -- and those researchers found that scrapers (presumably including grazers) decreased with increasing sedimentation. Note also that a decrease in shredders as per the expectation at L114-119 is at odds with what Rabeni et al. 2005 found; although Burdon et al. 2018 found that grazers (including scrapers) and shredders decreased across a landscape disturbance gradient whilst collectors become proportionally more abundant.

Response: We have cited now Rabeni et al. (2005) and Burdon et al. (2018) in the introduction and in the discussion. Both studies are in line with our findings of scrapers decrease under sediment increase.

Regarding shredders, we are not sure why Rabení and Burdon find opposite patterns, but we have suggested the following: "The abundance of shredders was also reduced under agricultural intensification. As suggested by Burdon et al. \[27\], this is most likely due to degraded riparian habitats (Fig 5), since shredders do not seem to be directly affected by sediment deposition \[33\]".

2\. Reviewer comment: define "agricultural" land here -- i.e., arable cropping, etc. "Pasture" is mentioned at L332 which is also an agricultural land use

Response: we have detailed that agriculture land refers to cultivated land when it is firstly cited in the manuscript.

3\. Reviewer comment: Table 2: Check "Leptophlebiidae" -- I guess the \# doesn´t belong here.

Response: \# symbol is correctly included here, since this family was significantly associated with group 1 according to IndVal analysis, but Habroleptoides sp. and Habrophlebia sp. were not significantly associated to any group according to this analysis, probably related to their lower densities.
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Dear Dr. Cañedo-Argüelles Iglesias,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Clara Mendoza-Lera

Academic Editor

PLOS ONE
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PONE-D-19-15451R2

Agricultural impacts on streams near Nitrate Vulnerable Zones: a case study in the Ebro basin, northern Spain

Dear Dr. Cañedo-Argüelles Iglesias:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Clara Mendoza-Lera

Academic Editor

PLOS ONE
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